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A STUDY OF THE KINEMATIC PROPERTIES 

OF CERTAIN SMALL-SCALE 

SYSTEMS* 

Dansy T. Williams 
National Severe Storms Project 

U. S. Weather Bureau 
Kansas City, Missouri 

ABSTRACT 

Small-sca1.e computations of surface divergence, vorticity, deformation, 
and Petterssen's frontogenetical function were made with respect to a squall 
line, an isolated thunderstorm, and a depression wave line. The leading edge 
of the squall line Was found to I ie along an axis of maximum convergence, de­
formation, and frontogenesis~ Centers of maximum con~ergence, deformation, 
and frontogenesis, were found in the vicinity of a micro-low along the leading 
edge of the squall line. Kinematic pr9perties with respect to the depression 
wave were comparatively weak and poorly defined. They were strong and well 
defined-with respect to the center of the isolated thunderstorm and the pseudo­
cold fronts enclosing it. The kinematic properties of the systems give some 
indication as to the 'immediate short-period mechanisms r~sponsible for the . 
growth and decay of the systems. . 

I. INTRODUCTI ON 

The horizontal wind field of a weather system provides a basis for de-
ri ving the kinematic properties of the system. Kinematic properties of large­
scale systems are rather well known, and such properties as divergence and 
vortici ty are routinely used in forecasting .. The kinematic 'properties of 
smaller-scale systems are less well known. It is the purpose of this paper 
to describe the kinematic properties of three stich systems: (1) a squall 
line, (2) an isolated thunderstorm, and (3) a depression wave line. The 
studies are individual cases. 

The wind, pressure, and temperature discontinui ties of small- scale 
systems can be lik~ned to those of large-scale frontal systems; and their 

. associated small-scale Lows , Highs, troughs, and ridges can be likened to 
their large-scale counterparts. When this is done, it is found that the 
kinematic properties of one resemble those of the other, except that the in­
tensity and rate of change for the small-scale systems is 2 to 3 orders of 
magnitude greater than for the large-scale systems. 

( 
*Presented at the Confer,ence on Severe. Storms, Norman, O)dahoma,February.13.-15, 1962. 
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The cases have be~riselected from the 1948 surface network data of the 
U. S. Weather Bureau's Cloud Physics Project, Wilmington, Ohio. The sta~ 
tions in this network were spaced in checkerboard fashion at approximately 
2-mile intervals. This compact spacing has permitted analysis on a scale 
that approaches that of the systems studied. These rather old data have 
been used, 'since the cases were considered worthy, and since there are very 
few recent data of comparable quaE ty on so small a scale. 

2. THE KINEMATIC PROPERTIES 

, The horizontal. space derivatives of the horizontal wind are: ou/ox, 
ov/oy, ov/ox, and ou/oy._ By combining these as various sums the following 
kinematic prope~ties of the horizontal flow are expressed: 

ou/ox + ov/oy :=: Div2 V; hori'zontal veloci ty divergence 

ov/ox oil/oy , - Rot.2 V, vertical component of relative vorticity 

ou/ox ov/oy = Dei2 V, horizontal stretching deformation. 

ov/ox + ~u/oy DeE'2 V, vertical component of horiiontal 
, 

-
sheari~g deformation 

(1) 

(2) 

( 3) 

(4) 

The absolute magnithde of the resultant deformation, DefR V,and the 
axes along which' dilatation ~nd contraCti6hocc~r are generally mor'e'meamng­
ful ,thanth~ stretching and shearing deformations given in equations (3) and 
(4). These equations can be transformed to yield DeER V, as: ' 

where: 

2¢:: tan-1 (DeE' V I DeE, V) ,2, 2 

Algebraic signs of' DeEJ, V and DeE' 2 Yean then be used with values of¢ to 
'yield the dilatation and contraction axes. , A pi-ocedure fot d6iil'g this has' 
been outlined by Saucier [1].- :' ," 

0", ;; t-:-. '" ...... ,; :~": 

(5) 

(6) 

Frontogenesisis favored along axes of maximum horizontal conv,enience' and' 
along axes of g'reatest deformation dilatation. '. ttisf1rsb:ieqtiit~tf 'that a 
dens~ tygradient be.Ptesent. 'PettersseI1 [2] ,ha~"der lh;~d 'Jl:!.I'On.to"geqet,ical 
function'" . ' ; i:,', 

, :., ~ \ . 

V), ' ~ ') .: .. " .. , 
(7) 

where: 
';.~", : .' :" ".~ '. . ,;. ':." ," 

'VB :=: absolute magni tude of pot~ht'ialtempei'aturegradient· 

DeE
2 

V :=: horizontal stretching deformation 



= horizontal velocity divergence 

the angle between the axis of dilatation and the potential 
temperature isotherms 

Pos;itive values of F indicate frontog~nesis, negat~ve values indicate 
frontolysis. 

3. MEASUREMENTS AND ANALYSES 
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Surface wind analyses were made for ~p.propriate .stations in the network, 
using the continuously recorded wind directions and wind speeds. In the 
analyses the winds were decomposed into their u- and v- components, . and from 
isotach analyses of these components the horizontal space derivatives were 
measured. These .were appr6ximated by the finite differences, Su/Sx, Sv/Sy, 
Sv/ Sx, and Si.t/Sy, wi th the'measuring intervals, Sx and Sy taken as 2 statute 
miles. Measurements were'm~de. at the interior stations of the network and at 
the centroids of the quadrangles formed by all stations of the network. The 
various kinematic properties were obtained by substituting ll1easured values 
of the space derivatives in equations (1) through (6).' Values of the proper­
ties were obtained in units of hr.-1 For a conversion ,to units of. sec. -1, one 
may note tha.t 3.6 hr. -1 is 'equal to 10-3 sec.-I. ' 

Isotherm analyses \\'ere made f rom plot ted values of temperature, wi th 
isotherms drawn for every. whole degree' Fahrenheit. These were used to·deter­
mine 'VT, the gradient' of temperature. 'VT was used in place of'V$··in eqoation 
(7), it being assumed that the two \vere approximately proportional. The ap~ 

. proxirnation neglect's the .differences in station elevations; and the. gradients 
of pr,essure .. The maximum possible error of' the approximation was i °f/2 mi .. 

. Since',temperatul'esw~re ~ead,: only to the nearest 1°F., arid since actqal grad­
ients as great as13°F':12mi. wer'e measured, the appr'oximation is consldered' 
to be sti(f.icientiy'good for the cases studied. 'VT andf3 wererriga:sured from 
the" isot.perm 'anaty'ses' and plots of th~ dilata:tion axes of deformation. These 
valties were ,supsti ~utedwi'th values of Div

2
'V and De/.l. Y in equation (7) to. 

yield 'values of F." .,'. . 
'. ' 

THE ,CASE OF MARCH J9;. 19~8 

This was a pre-cold- f~ontal squall line which produced damaging winds 
ove'r the northern portion of the ne'twork.Various featores of this case have 
been reported previom:;ly' [3, 4, 5]. Surface synoptic charts with, plotted 
winds and sea-levd isobars at 1400 and 1405 EST are shown' in figures 1 and 
2. ~Wi~d speed~~l~e inm.p,;h.. with a whole barb equa~ t() 10 m~p.h. arid a 
pennant':, equal tcL$O m .. p. h; Isobars are dr.awn.a t intervals of Lmb. The 
features. of inter~;stare. the' leadin,g edge of the, squall line ( indicated by 
cold front syml?ols'h themicro-'lbw. !l~0ng the leading edge; the micro-high to 
the. re,aJ:!;opf th'e~teli(ting edge':,: ancla«cotridor 1 to 2 miles 'wide (not indicated 
in ,the figure) about<2mi!es"in' ad~~nc~ of the leading edge. 

'. to' ":',. ' .• ' '.~! . 

. ' .. ~ .. -
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Figure 1 - Surface wind and pressure, 1400 EST, 
March 19, 1948. 
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Figure 3 .;. Rainfall, 1355-1400 EST, 
March 19, 1948. 
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Figure 2 - Surface wind and pressure, 1405 EST, 
March 19, 1948. 
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Figure 4 .- Rainfall; 1400-1405 EST, 
March 19, 1948. 
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Figure 5 -Oiv2 V in hr"; I, 1400 EST, March,.. 19, 1948. 
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Figure 7 - Rat2 V in hr- I, 1400 EST, Mard. 19, 1948. 
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Figure 6 - Oiv2" in hr- I, 1405 EST, March 19, 1948. 
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Figure 8 -Rot2 \lin hr~ 1, 14{)5 EST, March 19, 1948. 
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Five-minute accumulations of rainfall in hundredths of an inch are 
shown in figures 3 and 4., the dashed isohyets were drawn wi thout data. In 
these areas the strong winds caused the ~ain gage pens to vibrate excessively, 
and it was not possible to read off the amounts at 5-minute intervals. The 
intensi ty of the squall line is indicated by the large rainfall amounts. 
Centers of maximum rainfall occurred some distance to the rear of the leadmg 
edge of the squall line. 

TI-1e only radar data available for this case were PPI scope photographs 
of the 10-cm. CPN-18 radar at Clinton County Ai r Force Base. This radar was 
located just north of the network about 4 miles north-northeast of station 3. 
The range of thi s set was only 40, miles. The photographs showed a broken to 
solid line of echoes oriented from north-northeast to south-southwest, that 
passed over' the station froin west-northwest. Speed of moveinent of the line 
was considerably greater' in its northern extremi ty than it was to the south. 
Speed 25 miles north of Clinton County Air Force Base was 30;..35 'm·rhh. wi)ile 
speed 25 miles southwest was only 5-10 m.p.h. Urifortunatelyground clutter, ' 
and the effects of attenuation when the line was over the station masked the 
features within a 10-mile radius of the'station. This covered most of the 
area of interest, so Ii ttle detail of t he' echo could be obtained. FOT this 
reasOn a plot 'of the echoes is not shown. However, the line of echoes showed 
a r~asonable fit to the an'alyzed posi tions of ,the' squalllihe, except that ' 
the leading edge of the line of echoes was 1 to l~ miles to the rear of the 
analyzed leading edge. This appears to be consistent with the tendency of 
the leading edge to run ahead of the active portion of the squall line. How':: 
ever, it might have resulted from the low power of the set; only the more in­
tense portion~ of the squall line 'would have returned echoes. 

,'HorizontalVeloci ty Divergence: Charts of Div V fOT 1400' and 14(lSEST ' 
ar:e shoWn in figures S and 6~ Isopleths are drawn, 10r 'each 10 hr.~l 

The leading edge of the squall ,line lay in a narrow zone (2 to 4 miles 
wide) of intense convergence (negative divergence) ~it:h-a-maximum.'of32hr.~1 
in the, micro-low portion at 1400 EST. , A secondarymaximpm of 25' 'hr.~1i was, ' 
presenta~outSmi1es,,'south oJ the micro-low. The second'rriaximtim was con';: 
'served on the chart for 1405 EsT" but the fi rs,tmaximum was lost, as the, 
micro-Io~ 1rtled. 

Po~;'i tive'di ve'[gence was present in the corridor in advance of and pa:r~ " 
allel to the leading edge of the squall line with valuesrang'in:gup.to 9h·r.·1 

at 1400 EST ahd 2' hr.-1 at . lAOS EST. 

by 
of 

The micro-high behind the leading edge of the ~qcialJ:;'1..irt~ wasf~~f~r~d, 
intense positive divergence with maximum values6f22'hr;~Lat1400 ~rand 
12 hr.-1 at 1405 EST. 

, ' , 

Over-a11 values of divergence w,ere si.gnificantly less at 140$· ESl' t.h~~;;' 
at 1400 EST, , indicating the rapid but systematic chang;es: ocCUrring-in ti:hesys'­
tern in the 5":minute time interval. 

V~rtical CompQnent of Relative Vorticity: OIarts of Ro,t
2 

V ftir 1400, and 
1405 EST are showniri figures 7 and 8. Isop! eths /ilJTe dh'lwn f0reach *0 hr .-1' 

, 
I 
{ 

, I 
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Fields of cyclonic (positive values) and anticyclonic (negative values) 
vortici ty had little apparent relationship to the leading edge of the squall 
line, micro-low, and micro-high; and there was no simple continuity in the 
fields from 1400 to 1405 EST. Oddly enough the micro-low portion of the 
squaU line at 1400 EST was featured by slight anticyclonic vorticity, al- . 
though centers of maximum cyclonic vorticity were present some distance to 
the northeast and southeast. . ' 

Extreme dynamic instability was indicated locally and briefly wi th thres­
hold values of anticyclonic vortici ty exceeded by as much as a factor of 50. 
Threshold values are those numerically equal to the Coriolis parameter. 

Isotherm Fields and Axes of Dilatation: Isothermfields and axes of dil­
atation are shown in figures 9 and 10. Isotherms are dr~wn for every 2°F. 
with warm and cold_centers indicated. Axes of dilatation are indicated by 
double-headed. arrows. Axes of contraction (not indicated) ate normal to the 
axes of dilatation. 

The environmental temperature at both 1400 and 1405 EST was 72°F. At 
1400. EST a cold center of 64°F. Was present inun~9.iately to the northwest of 
the micro-low .. The gradient of temperature across the leading edge of the 
squall line was most intense in the vicinity of the micro-low. By 1405 EST 
the leading edge of the squall line had advanced into the environmental tem­
perature field in the northern portion' of the network wi th the' strong gra­
dientof temperature lagging 2' to 4 miles behind. The cold center had 
intensified to 58°F. but had drifted south-southwestward. The advance of 
the leading edge of the squall line beyond the intense gradient of tempera­
ture may well be the reason for the filling of the micro-low and the weakening 
of the squall line. It is indicated that small segments of squall lines may 
grow and intensify as' cold air is produced, and that dissipation takes., place 
when the leading edge outruns the temperature gradient. 

Dil~tation axes were generally parallel to. the squall line ina. narrow 
zone onei the~' side of its leading ~dge .. Dilatation axes'in :the cot-ridor in,. 
advance of and paralleL to .the leading edge were generally: normal to the 
squali line,. and the s~e was true in thernicro-high ,porti,.on behind the squall 
line. . . 

Absolute Mag(li tude of the Resultant Deformation: '. Olarts of'Def R V are 
shown in figure~ 11 .and 12; Isopleths are ·drawn,for each 10hr:l. ,' . 

. The leading edge of the squall line lay il:1 a narroW, zone of i~itense, de­
formation with a.maXiltlllIll value of 4Lhr. -11n the micro,-lpwportion'at'l400 
EsT; This maximum'was' lost on the 1405. EST chart, buta'maxiirium of21h.i·'?~·'/, 
waspre's'entfarther sO(lthalong the l~ading edge.' The corridor'in advan~e:of 
the leading edge of A:he squall' line .. was. featured by minimuri1:deformation, as 
wa,s the micro-hi,.gh behind theAeading edge •.. . "/ . 

. .. ~ . 

'Values .of deformati,on werelSignificantly less .at 1,40S,~T thanat . .1490t~1i 
. ir~dicatin'g the rapidchifuge~occurring as the micro-low filled and the,squall 
. line weakened. 
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Fig... 12 - AI> solute Magnitud. Of DefR V, 1,405 EST 
Match 19, 1948. 
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"Figu~e 13, -Pette~en~. Frontoge!ieti~IFunetl9n . 
in of/mi hr, 10400 EST,Moreh 19, 1948 • 
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~··l~ ¥ 

l'igiri 104; ;;" Pettersscin~iFiciiifogeneti6:a1 funCtion'" 
'. . in Of!;mil)r, .1405 ,EST, M ... ch,19"1~48,, 

. ..... . 

fron tog~ne~i~ 
funct i6n' ar,e shown 

; :. ., -. 

mi >1 hr','-1 .. 

and Frontolysis: .' ChartsoLpett¢rs.seIil.' s. frontbgenetical.' 
in figures 1.3and14~ : :IsQP~eths 'E;tredrawn fot each:l0 PR 

:;., ~ .' , . 

y •..• ,. ~.~ ,' .. '", . 

. At 1400 EST the leading edge of the squall ,line lay in a narrow zone of 
~,ntense.fr.on,togenesis with .a llJaximum value of56iQ:F;.:mL~~: hl!.;l: in ,the micro­
low portion. . This ml:ix:imum had disappeared, by.140S;E;St, ·'and"the. \l;eading;.edge 
of the squall line th~h lay in a region of almost no frontogenesis in the 
northern port:iono,f : the network.. Maximllm·. f:r6tltog·ert,e·s.ics'·a,t this'tlme'wa's 
ac;tl"lall'y )io: 2!Tliles ,to the r~ar 'qf the leaciing·,edge.: ...•.. ,' ".' '" 

" .", ; .~', I- "1' i ,", '.-j -: ~ .", '-."' ~:. ;" • 

..S~igJ1t fr9htolysi~ (n,ega\'iveffont~g~nesi'&~ .·Was:,p1l"esentilTithe<.~Q'rr:ido,1O" 
! in :advance .0J; anA pa;rallel to the. Jeading ed~e )()f ·.,t,h~; squa,H:,1 ine a't; 14G:O'EST • 
. . In:tense'frontolysjs;,rangirlg up.';to ·:l7°F.· mi'.,~~,h;r';':~i was:,'pries;ent lhLwr':tionsof 
; ·the;mi}~:~a:~h:ighp~hin?;theJ~acJ;in~. ~dgeo.{th:e:,·,5;quail;li rine.:· ::" ;',! ;';.;·~ij';n:i·", 
~::\'::.~ ·,",k ••• ,-._,.,,~: ",; .• _ -! . .'.!.:...... 's. -,-, '\ ,J~-:i·.:·::! :)r'~'~~ -:1·,) ·::i.~.!·, ... :..~ .. ~" .::~:~~:: .. :.:..-: .. ',.:\y:.:; 

. AnhQ.u.gh',con;Ver'g~nce·arld.deformation J i;d,,,,ds:"we.r:erst'i1;L ;fiavqr.~'ble;f.b:r " .. " 
f,r9£1,J6gef:l:e;S~~r ~lo~~;t}1:eieaaiflgi~pg~;9f·:t~:e.squaLl; hine;;:a)t: 140p:;EST; "Jhe"Jeac·t. 
that.th~,temp~rfltL!re gr;'ldien~ 1::l;gged;be,h1q!,:h,;th{tse :fiiields ,.r::e:silLtecF in,' a:.,g-r'eJli~C 

.. decre'sseinthe·frontogenesLs. ·It rs indicated that thegrowth·and decay,;n',f 
smaU seginent~ofthe, .squsllline;~r~ di rectly .related to the lntensi tyof·. 
frontog~nes·is" :snd·;th;lt. _the· Jr<mto:gene's;is·is ,c:ri;tii:ba~Hyi de;pendent\tlp:oh:~the 
degr.e~ ... ,to· ;~vhil:h, ·fi~yo.t:abie ;GQnyerg~hC~.:,·_' .de;f0rma:ti:.Ci)h:l-,~ahd.r-t empe:-r'afur,.e ';giraar:e:nb' 
fields may coinci'de. The degree of coinciden,cemay be determined to a l:a:rgle) 

. . . ,'. ',-:- - . ' .. 

---------------------~--~ 
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extent by the internal processes of individual thunderstorm cells, so that 
small segments of the squall line progress through repeated cycles of growth 
and decay. 

5. THE CASE OF AUGUST 29, 19~8 

This was ari. isolated thunderstorm of considerable intensity which ap­
peared to drift randomly in the southerriportion of the network. It was 
featured by a micro-high and at least two pseudo-cold fronts. The case has 
not been reported previously. Sirice the storm moved slowly, a 10-minute in­
terval between charts was found to be sufficiently short to show the'changes 
that occurred. Surface synoptic .charts showing plotted winds and sea-level 
isobars for 1540 and 1550 EST are shown in figures 15 and 16. One may note 
the micro-high and pseudo-cold front part ially circurriscri..bing it in figure 15. 
In figure 16 a' second pseudo-cold front was generat'ed, when the first front 
had moved some distance away from the parent micro-high. The features of in­
terest are the micro-high and the two pseudo-cold fronts. 

Five-minute accumulations of rainfall in hundredt:hsof an inch are shown 
in figures 17 and 18. The intensity of the storm is indicated by the large 
amounts of rainfall. The maxima near station 42 coincide fairly weU wi th 
the center of the micro-high; however, a second maximum ,near station 54 at 
1535-1540 EST did not have a corresponding micro'::high. No radar data were 
available for this case. 

Horizontal Velocity Divergence: charts of Div2 V for 1540 and15S0 EST 
are shown in figures 19 and 20. fhe pseudo-cold fronts lay in zones of mod­
erately intense convergence. Maxima were pres~nt wi th a value 6f 1;.3 hr.~1 on 
the first front' at 1540 EST and values of1l hr.-I' and 10 'hr. -I .on the first 
and second fronts respectively at 1550 EST. Overall convergence on the first 
front weakened somewhat during. ·1;he,lO-:-minute p~riod, ,while convergepce·"ln., 
tensified on the second front a~ it fo~rned. 

.,-,';:-... 

The ~icro-high was fea.ttir~cLby intense.di~~rgenc~,whichincre~seQ horn 
a maximum value of 2,3.hr .-1 at i54(),ES'f to 42 hr ~-Iat 1550 EST .. 

.' ,. . -

Vert{c~lt(impor:ent • .orR~la#:VeVpr·tic1,~Y:.Ch~rts of Rof2 V fo.r 1540aod ." 
1550 EST are shown 1n f1gures,21al1dc 22,. At ,1540 EST: the psel,ldq-coldJr.(),ot 
was featured by'cycloriic vortl'd tywltham~xirriUm of 10 hr.-1 in it&;nqrth;;. 
western' portion. Intense anticyclonic vorticity with' ~rnaximum'of '16 hr,-1 was' 

,presen't at the eastern edge of theni'ic!',O;high.·The yortid tyfield,>at 1$50 EsT 
was more poor1y,defin~d. ,AI thq~ghl1loderatecy<?l:onic vO,r t,i city was present in: 
the northern 'portion of the first pseudo,.,.coldfi'ont ,it'wasnot confined tb'the 
immediate vicinity of the front. Vortici 1:Y ~longthe seco.ndpseudo;.cold front 
was slightly anticyclonic. '. Var.tici tywi,th,r'espec,t: t6 the.niJcfo.;high :W.asfea~ 
tur~d by multiple,centers of·bgth,;cyc1.opic>f:\nd ~n.dcyc1:'oni~ vor~i'¢itY. ·1ber'e' 
appears to have been little contimlity'intheyprticitychahge fro!n- 1540 to 
1550 EST. . ... ' " . ',.' ...., " 

.', 

'Extreme dynamic. instabili'ty w~~. indicated 'iOcaliY~I1'd: ~rie;.:l;, wi~h " 
thr,e.shold valuesoJanticyqJpn~c vot:ticft:r exce~d~dby a:smuchas':p., factor 
b. f:,i 'A:Ot h, : ,.i' ' ,.: ,:, " " .. ' ~) 

\ 
~. 

I 

I 
) 
I 

I 
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Isotherm Fields and Axes of Dilatation: Isotherm fields and axes of 
dilatation are shown in figures 23 and 24. The environmental temperature at 
both 1540 and 1550 EST was 90°F. At 1540 EST a cold center of 70°F. was pres­
ent on the southeastern boundary of the network. Gradients of temperature 
were most intense immediately south of the pseudo-cold front. BY 1550 EST a 
new cold center of 64°F. had formed in the western portion of the network. 
The gradient of temperature between this center and the warm center to the 
northwest was 26°F. over a distance of 4 miles! Gradients of temperature re­
mained strong to the south of the first pseudo-cold front and w~re strong on 
ei ther side of the second pseudo-cold front. 

Dilatation axes were gene'rally parallel to the pseudo-cold fronts in 
narrow zones on either side. Dilatation axes in the micro-high and some dis­
tance from the pseudo-cold fronts tended to be normal to the fronts. Dilata­
tion axes tended to parallel the isotherms in the vicini ty of the pseudo-cold 
fronts. They were more normal to the isotherms elsewhere. 

Absolute Magnitude of the Resultant Deformation: Charts of DefR V are 
shown in figures 25 and 26.· At 1540 EST the pseudo-cold front lay in a nar­
row zone of intense deformation wi th a maximum value of 31 hr.-I in the north­
western portion. The deformation was at a minimum over the'southeastern 
portion of the network. At 1550 EST deformation had decreased along the first 
pseudo-cold front but had increased to a maximum of 26 hr.-I along the second 
pseudo-cold front, as it formed. Another maximum of 30 hr .-1 was present in 
the micro-high. Deformation was at a minimum at the south.;.central portion of 
the network. 

Changes' in the deformation' reflect the decay of the fi rst pseudo-cold 
front and the generation of the second front. 

Frontogenesis and Fron to1.ysis: Chart~ of Petterssen' s Jrontogenetical 
function are shown in figures 27 and 28; ,At '1540 EST the pseudo:-icdld front 
lay in a zone of intense frontogene'sis with a maximum value of 52°F. mi.-I hr'.-1 
in the' northwesternpottion. HoweVer, this center of, fr()ntogenesis~ ~xtended 
somewhat southeastwarclfrbm the £Tont, indicating the f()rmationof a new front 
farther south. At 1550 ,EST very intense frontogenesis ~i th a maximum value ,6f 
96°,F. m:L~l ht.-l was present ,along 'the second pseydo-cold front. Me~nwhHe 
frontOgeiies'ls,aiongthe l first ps~ud~::cold'fronthad qecreasedto $!ighqy'more 

,than 20°F. mL-l hr ,-I. ," , ' 
. \ 

me mict'o.higfi'atbothi540 aha 1550 EST was featured by int~ilse·fron .. , " 
tolysiswith m:ax:lmtim val(je~6f7 52°F;tnL,-1 ht.-l at ,1540 EST ~md'6§·o~. nir.~lhr.~I. 
at: -.155:0 EST.~:, :::' " . 

~ ~ '. .' 

The<intense fields<qf 'ft()bt6genesis andhoi1tolysisres~ltedLr(jm the 'co­
inci~erice of favorable fields of'.(ffvergehce, deformatiort;, and temperature 'gra­
dienfs.'·Thegenera'tion of'~i:"second pseudci'::"c6ld,fr6nt,:yety markedly supported 
by an intense fr'ont ogenedcal field, indicates 'that t.he i~Qlatedthunder-storni 
inay g'enerate successl ve pseudo~ cold front s that tertd'to circumsctibeTt s 
micro-high,., 'Ear'iy .pseudb~cold, fronts, t'end, to weaken when they mo~e too far, 
from thepare'nt iHbfiri',ahdthey are repeatedly r'epla:cedl5y-new:ahdmdre ih,,: , 
tense pseudQ-c9ld fronts closer in. The generation of new pseudo-coldfionts, 
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Figure' 23 - Isotherms in of and Axes of Dilatation, 
1540 EST, August 29, 1948, 
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Figure 25 - Absolute Magnitude of DefR'V, 1540 EST, 
August 29, 1948. . 
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Figure 24 - lsothera in ~ and Axes of Dilatation, 
1550 EST, August '29, 1948. 
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Figure 28: - Petterssenis FrontOgenetlcol Fimcti9-n . 

15 

Figure 27 .,. Petterss~n's Frantogenetkoli Fu~ction. 
·in.· Of/rn. Ii., 1540: ESl'~ August 29; 1948. In OF/mi' hr, 1550 EST, August 29, 1948. 

as a coincidence of favorable kinematic and thermal fields, is probably linked 
to the internal processes of individual cells composing the thunders,torm, so 
that the indiviclua1 ps:eudo-cold fronts show to a certain extent. the-growth and 
decay of individualthunders,to,rmcells. 

6., THE CASE OF APRtL 7, 19118 

This WaS.8 depress:ion w~hre line, which followed but was. offs~t from· an 
earlier- squall line. Va.dou$features of the <;:ase have been reported p'revi-

. ··Qli}.sly [6}.' Surface synopti'~charts with plotted winds. and sea level isobars 
at 1315 and 1320 EST are shown: in figures 29 aod30" The features of interest 
are ·the depression wave line' (line 00£· minimum s:ea: . level pressure. indicated as 
Ii hea,vy·dashedline} and a' micro ... low (area of minimum sea level pressure). 

There was nomeasutable rainfall over the netwo-rk from 1310 to' 1320. EST. 
Rafnhllwhich had occurred a..sfiO'rt time earlier . had diminished to .noneor . 
trace amounts~ andthet;-race'.amol,1nts occurred only in advance of the depres­

. sian wa've line. No r~da:r; da;ta were available for this cas.e. 
< .. 

,Horizontal .Velocity Dive.rgence: . Charts of Div
2

V fo·r 1315 and 1320 EST 
are snowni:nfigu~es..31 'and':: ~2'. Isopleths a(e drawn for each 5 ht.-1 

.• , 

.. Moderate va:iu~s df Conve~,enc'e we.re gener.allypresentalong the.depre·s­
siO'/;1' wave line~. Oreate's t . vahies . 'were: neaT, but not q.ui t e coinci dent . wi tn., 
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Figure 29 - Surface wind and' pressure, ]315 EST, 
April 7, 1948. 
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Figure 30 - Surface' wine!' and pressure, 1320 EST, 
April 7,1948. 

the micro-low portion. A convergence maximum of 14 hr. -1 at 1315 EST was 10,:" 

cated about 3 miles southeast of the micro-low. At 1320 EST a maximum of 
10 hr.- I was lo~ated about 2 miles so~th of the micro-low. 

Values of divergence were somewhat less than values of convergence. At 
1315 EST the depression wave line was f~atured by a region of positive diver­
gence some distance in advance of t he line and fl' short· d~stance behind the 
line. However, at 1320 EST the di vergenc'e was: present only In the northwestern 
and southwestern portions of' the network. 

Although the fields of divergence bear SOme relationship to the depression 
wave line: and the micro-low, these relationships are not so systematic ,.or so 
continuous, as they were in the previous cases·. 

The,Vertical Component of Relative Vorticity: Chrlrts of''Rot
2 

V rorBIS 
and 1320 EST are shown in figures 33' and .. 34.<'Isopleths are dra\\TI for each 
5 hr.-I; . ," 

."-

There appears' to haveb;~en no simple relatioI;1ship betw~,en" the vortici ty .­
field and the depression wave' line. However, there was some continuity.to the 
vort'lei ty field. Individual maxima and minimaa;t·1315 ESTgen'erallyappeared, 
in the~same locations at 1320 EST, suggesting th~t, the vorticity field was 
quasi - stationary with respect to the depression. wave line moving through it. 
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Figure 31 - Div2 \V in hr':l, 1315 EST, April 7, 1948. 
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Figure 33 - Rot2 \V in hr- 1, 1315 EST, April 7, 1948. 
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Figure 32 - Div2 \V In hr- 1, 1320 EST, April7, i948. . 
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Figure 34 :- Rot2\V in hr- 1, 1320 EST, April. 7, 1948. 

17 



18 

o 1 234 5 
, ., . I ,., , o 1 ,2 3 1 1 

tIl I 
Statute Miles . Statute Miles . 

Figl're 35 .. ~s of Dilatation, 1315 EST, April 7,1948. . Figure 36 .. ~s of Dilatation, 1320 EST, April 7, 1948. 
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Extreme dynamic instabili ty was indicated locally and briefly with, thres­
hold values of anticyclonic vorticity exceeded by as much as a factor of 20. 

Isotherm Fields and Axes of Dilatation: Axes of dilatation are shown in 
figures 35 and 36. The temperature over the network at both 1315 and 1320 EST 
ranged only from 58 0 to 59°F. The gradients were. too slight to permit the 
drawing of isotherms. The absence of a strong gradient of temperature with 
respect to the depression wave 'line is not'necessarily typical. Cases (espe­
cially those occurring at night) have been .investigated in which marked temper-
ature rises'have occurred with the depression ~ave line. ' 

Although there were some areas in which the dilatation axes lay either 
parallel or normal to the depression wave line, there appears to have been no 
systematic relationship to the line a's a whole. It is concluded that the axes 
of deformation are less, systematic wi th respect to the depression wave line 
than with respect to the other 'systems studied. 

Absolute Magni tude of the Resul tant Deformation: Charts of Def R V are 
shown in f.igures 37 and 38. Isopleths are drawn for each 5 hr.-l 

Although moderate values of deformation were present, they were rather 
poorly related ,to the depression wave line ~nd the micro ~low. Moreover, the 
continuity of t1:<e deformation field from 1315 to 1320 EST, is also poor. It 
is concluded that the absolute magni tude of the resul tantdeformation is less 
systematicwlth respect to the depression wave line than 'with' respect to the 
other systems studied. 

Fron't.ogenesis and Pront'oiysis: Otarts of Petterssen's f'rontogenetical' 
function are nO,t shown. 'The frontogenetical,function WaS negligibly small, 
since the temperature gr~dients were negligibly small. However" as pointed 
out earlier,some depressioI1 ~aves are featured by temperature rises. If 
such 'had been the case here, then frontogenesis, specifically warm fronto­
genesis, would have been present in portions of the network~ 

7. SUMMARY 

A. Gener,al Features 

1. Kinematic properties of the squall line, i'solated thunderstorm"and 
depression wave line were 2' to 3 orders of magnitude greater than those nor­
tnally measured on the' g'rosssynoptic scale. Ai though the large values re­
s~1ted from the small measuririg irttervalused,' they are believed to approximate 
the true values that were present in the systems studied. 

. .". j " ~ 

2. All of the kinematic pr6p'brties,~xcepting vi:irticity, were syst;em-' 
atic,ally related to the small-scale features of the squall line and isolated 
t1;1Unden;torm:. Great but systematic changes in the properties occurred in the 
5- to .lpcmin. intervals between cnart s. ' 

i 

I 

I 
.I 
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3. The relationships of the kinematic properties to the small-scale 
features of the depression wave line were less systematic than those of the 
squall line and isolated thunderstorm. 

4. Vorticity fields were poorly related to the smaU-scale systems, 
and the continuity of vorticity features from one time to the next was poor. 
It is indicated that small-scale systems may have no typical vorticity fields. 

5. Extreme dynamic instability was present with threshold values of 
anticyclonic vorticity locally. and briefly exceeded by as much as a factor 
of 50. . 

B. Specific Features of the Squall Line 

1. The leading edge of the squall line l,ay in a narrow zone of intense 
convergence, deformation, and frontogenesis. Axes of dilatatiori we're gener­
ally parallel to the leading edge of the squall line . 

. 2. The micro-low portion of the. squall line was an area of maximum con­
vergence, frontogenesis, and deformation. Vortici tywas' slightly anticyclonic 
in the micro-low.; 

3. The micro-low filled and the squall line weakened, when frontogenesis 
decreas.ed.The decrease infrontogenesis occurred when the convergence and 
deforma:tion fields of the sqUall line advanced beyond the ione C;;f .the intense 
temperature gradient. 

4. : A. narrow corridor, characterized by slight to moderate divergence and 
frontolysis, and wi th dilatation axes generally normal to the' squall 'line, was 
present in advance of and parallel to the lea?ing edge of the squall line. 

5. The micro-high behind the leading edge of the squall line waS an area 
of intense divergence and frontolysis wi th dilatation axe's generally normal to 
the squall line. . . 

6. Very heavy rainfall occurred behind the leading edge of the squall 
line with the maximum rate sOlI!e distance to the rear of the leading edge. 

C. Speci·fic Features of the . Isolated, Thunders torm 

1. The isolated thunderstorm was featured by a micro-high and pseudo­
cold fronts partially circumscribing the micro-high. 

2. The pseudo-cold fronts lay 'in ;zones ~f intense convergence, fron­
togenesis; and defo,rmation. Axes of deformation we~re generally parallel- to 
the pseudo-cold. fronts. 

3. Convergence, deformation, and frontogenesis decreased along tpe first' 
pseudo-cold front as it moved away from the micro-high. It Was replaced by a 
second pseudo-cold front at closer proximity to the micro-high. Convergence, 
deformation, and frontogenesis increased rapidly along the second pseudo-cold 
front as it formed. 
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4. The micro-high of the isolated thunderstorm was an area of very heavy 
rainfall, and intense divergence and frontolysis with dilatation axes generally 
normal to the pseudo-cold frpnts. 

D. Specific Features of the Depression Wave Line. 

1. Only traces, 6f rainfall occurred in the vicinity of the depression 
wave line, and' these occurred only in advance of the . line. 

2. Al t1")pugh the depression wave line and its micro-Jow lay generally 1n 
an area ofconyergence,the convergence and divergence fields were .rather 
poorly deJined. 

, . 

3.. Vorticity and deformation fields were quite poorly defined with re­
spectto' th~ depression wav~ 1l.ne and its micro-Low. 

4. The gradient of temperature was negligibly small with respect to the 
depression wave line.B.ecause of this the frontogenetica1 function was also 
negligibly small. 
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